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157) ABSTRACT

A linear transmitter having both an open loop and a
closed loop training mode capability functions to sched-
ule and facilitate these training modes in a manner that

reduces adjacent channel splatter. A training waveform

can be utilized to enhance these operational objectives.
Scheduling of the open loop and closed loop training
modes can be ordered, in a TDM system, in a variety of
ways.

16 Claims, 3 Drawing Sheets
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LINEAR TRANSMITTER TRAINING METHOD
AND APPARATUS

TECHNICAL FIELD

This invention relates generally to modulated infor-
mation transmitters, including but not limited to linear
transmitters operating in an RF system.

BACKGROUND OF THE INVENTION

Linear transmitters are known. A Cartesian feedback
transmitter constitutes one such known transmitter.
When properly adjusted, such a negative feedback
based transmitter architecture will operate in a satisfac-
tory linear mode. At least two problems plague ordi-
nary operation of such a transmitter, however.

First, loop phase shift must be properly adjusted; if
not, transmitter stability will suffer. At worst, the nega-
tive feedback operation will function in a positive mode,
causing undesirable oscillation.

Second, care must be taken to ensure that the final
gain stages of the transmitter do not operate at or above
their clip level. If clip levels are exceeded, the negative
feedback operation of the transmitter will attempt to
compensate, and the undesired results will include splat-
ter in adjacent frequencies. This splatter can greatly
disturb other radio operators.

One prior art approach has been to significantly limit
baseband mput values in order to ensure that clip levels
will not be attained. Though this will succeed in avoid-
ing the splatter problems noted above, the necessarily
arbitrary limits placed on the baseband information are
ordinarily so conservative as to prevent optimum opera-
tion of the transmission capabilities of the transmitter.

Accordingly, a need exists for a method and appara-
tus to provide for requisite training of a linear transmit-
ter to assure proper loop phase adjustment and opti-
mized baseband signal levels.

SUMMARY OF THE INVENTION

These needs and others are substantially met through
provision of the method and apparatus described herein.
Pursuant to one aspect of the method, a training mode
of operation and a non-training mode of operation are
provided for a negative feedback amplifier. Phase ad-
justment of a feedback signal with respect to an input
signal and determination of a clip level for the amplifier
are determined during the training mode of operation.
During the non-training mode of operation, a resultant
phase adjustment setting from the training mode is uti-
lized, and the amplifier is operated in a manner that will
not exceed clip levels as determined through use of the
clip level information gleaned from the training mode.

BRIEF DESCRIPTION OF THE DRAWINGS

FI1G. 1 comprises a block diagram depiction of a
linear transmitter constructed in accordance with the
invention;

FI1G. 2 comprises a simplified block diagram depict-
ing simplified operation of a linear transmitter in accor-
dance with the invention;

FIG. 3 comprises a timing diagram of a training
waveform;

FI1GS. 4, 5, and 6 depict TDM frames for various
operating embodiments of a linear transmitter in accor-
dance with the invention.
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DETAILED DESCRIPTION OF THE
PREFERRED EMBODIMENT

Referring now to FIG. 1, a Cartesian feedback trans-
mitter in accordance with the invention can be seen as
generally depicted by the reference numeral 10. The
transmitter (10) includes generally a first and second
information signal path (11 and 12), a combined infor-
mation signal path (13), first and second feedback paths
(14 and 15), and a phase adjustment unit (16). Each of
these generally referred to elements will now be de-
scribed in more detail in seriatim fashion.

The first and second information signal paths (11 and
12) are identical to one another in this embodiment.
They differ only in that the first path (11) receives an
in-phase baseband information input signal (17) whereas
the second path (12) receives a quadrature baseband
information input signal. Therefore, only the first path
(11) will be described in detail.

The first information path (11) couples its input (17)
to a differential summer (19). The remaining input to
this differential summer (19) couples to the first feed-
back path (14). The summer output couples to a variable
gain baseband amplifier (21) that itself couples through
a lowpass filter (22) to a summer (23). The remaining
input to this summer (23) couples to the input (17) to
support open loop operation as described below 1n more
detail. ,

The output of the summer (23) passes through an-
other amplification stage (24) to a mixer (26) that up-
converts the incoming baseband signal to a predeter-
mined carnier frequency of choice.

The 1njection signal for the mixer (26) is provided by
a local oscillator (27), with the second information path
(12) of course receiving an injection signal that has been
phase shifted by 90 degrees (28).

The outputs of both information paths (11 and 12)
couple to the inputs of a summer (29) that represents the
input to the combined information signal path (13). The
output of the summer (29) couples to the input of an
exciter (31) and then through a power amplifier (32) to
an appropriate output element (33).

A coupler (34) responsive to the output of the power
amplifier (32) provides a feedback signal to both the
first and second feedback paths (14 and 15). The up-con-
verted signal as obtained from the PA output is first
down-converted through appropriate mixers (36 and
37) and then provided to the subtractive inputs of the
first and second information signal path differential
summers (19) as mentioned above. The down-conver-
sion 1njection signals for the feedback path mixers (36
and 37) are provided in quadrature to one another
through provision of an appropriate 90 degree phase
shifter (38).

The phase shift unit (16) provides comparators (39
and 44) to detect phase differences between the two
inputs (17 and 18) and the two feedback paths (14 and
15), and to provide any differential information to a
control unit (41) that 1n turn controls a phase shifter (42)
that couples between the local oscillator (27) and the
injection inputs for the feedback path mixers (36 and
37).

The above blocks will be generally understood by
those skilled 1n the art. In addition, further details re-
garding the variable gain baseband amplifier (21) can be
found in a co-pending patent application filed on even
date herewith entitled “Controlled Slew Rate Ampli-
fier,” and additional information regarding the phase
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shift adjustment control mechanism for the feedback
loops can be found in a co-pending patent application
filed on even date herewith entitled “Fast Phase Shift
Adjusting Method And Device For Linear Transmit-
ter.”” Both of these documents are incorporated herein
by this reference.

In a normal non-training mode of operation, the
transmitter (10) receives its two information signals at
the relevant inputs (17 and 18) and processes these sig-
nals in a known manner to correct for linearity, amplify,
filter, up-convert, and combine prior to final amplifica-
tion. The negative feedback paths (14 and 15) support
the appropriate linearizing function.

In a training mode of operation, the transmitter (10)
can be operated as follows. In an open loop mode, the
variable gain baseband amplifiers (21) are disabled via a
gain control signal (43), thereby effectively opening this
portion of the primary paths. The incoming signals will
then use exclusively the direct path to the summers (23),
thereby bypassing the feedback correction point (19). In
this mode, the loop phase shift can be adjusted by the
phase shift adjustment unit (16). In effect, phase differ-
ences are determined by the comparators (39 and 44),
and that difference information is utilized by the control
unit (41) to adjust the phase shift via the phase shift unit
(42). Additional information regarding this process can
be found in the above referenced patent application
entitled “Fast Phase Shift Adjusting Method And De-
vice For Linear Transmitter.” By making this adjust-
ment, proper loop phase relationship can be ensured,
and the feedback process will operate in a negative
manner as desired, and will not inadvertently oscillate
due to unintended positive feedback.

The variable gain baseband amplifiers (21) and the
associated lowpass filters (22) can also be appropnately
manipulated to narrow their effective bandwidth and
reduce their effective slew rate, such that the transmit-
ter (10), when operating in a closed loop mode during a
training mode, can be operated with an appropriate
mput signal to determine the clip level for the transmit-
ter while simultaneously substantially minimizing splat-
ter to neighboring frequencies. Additional information
regarding this process can be found both in the previ-
ously mentioned patent application entitled “Controlled
Slew Rate Amplifier,” and also in another co-pending
patent application filed on even date herewith entitled
“Amplifier Level Setting Apparatus,” the latter docu-
ment also being incorporated herein by this reference.
Once the clip level has been ascertained pursuant to this
process, training for immediate purposes can be con-
cluded and the transmitter can be returned to normal
closed loop operation with normal bandwidth and slew
rate settings. The amplifier is operated near, but not
exceeding, the clip level, thereby effectively gaining a
high level of performance from the amplifier.

Integrating the above described training elements
confronts a number of practical implementation prob-
lems. Unwanted carrier feedthrough terms can cause
objectionable splatter when switching from one aspect
of the training mode to another. This problem is exag-
gerated further because the contributors to carrier feed-
through are different between the open loop and closed
loop training modes. In the open loop mode, only the
forward path of the loop containing the up-mixers (26)
generates carrier feedthrough terms of significance. In
the closed loop mode, however, up-mixer contribution
is suppressed by the forward path gain preceding it.
Instead, the down-mixers (36 and 37) and associated
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4

circuits in the feedback path constitute the primary
source of carner feedthrough. The closed and open
loop carrier feedthrough terms are thus substantially
independent from one another and may be quite differ-
ent. Therefore, a switch from open to closed loop train-
ing mode can cause significant splatter.

The approach adopted in this embodiment for mini-
mizing the splatter effects are perhaps more easily un-
derstood with reference to the highly simplified feed-
back loop (200) illustrated in FIG. 2. As typical for a
negative feedback loop, the first summer (201) produces
an error signal VE representing the difference between
the input signal VI and a feedback signal VF. Forward
path gain includes two primary contributors; a first
amplifier (202) having a first gain (Al) and a second
amplifier (203) having a second gain (A2). As with the
earlier described embodiment, these gain stages (202
and 203) have a summer (204) coupled therebetween,
with a remaining input to the summer (204) receiving
the input signal VI. By choosing

(A2)(B)=1

(A1) becomes the effective loop gain. A number of
advantages result. For the large loop gains desired in
closed loop operation,

Vo=Vi/B.

On the other hand, by setting A1=0, the loop effec-
tively opens and

Vo=(A2)(Vi)=Vi/B.

Thus, the desired objective of switching between equal
open and closed loop gains is achieved by selective
disabling and enabling of the first gain element (202).
For the simplified loop (200) depicted,

_ A2+ A Wi
I+ (AA2)(B) = B

Vo
The carrier feedthrough contribution in the forward
up-mix path 1s represented as AU, and the carrier feed-
through contribution in the feedback down-mix path is
represented as AD. A smooth transition between the
different carrier feedthrough signals in the open and
closed loop modes occurs by implementing the first
gain stage (202) with an AGC type amplifier and chang-
ing the gain control relatively slowly from zero to the
represented gain Al. This substantially reduces splatter
at this transition point.

A predetermined baseband input training waveform
can be utilized during the training mode to provide an
appropriate signal for training purposes and to simulta-
neously minimize splatter opportunities, particularly
when applied with the amplifier structure disclosed
above. An example of a training waveform appears in
FIG. 3 (the actual timing durations and relative ampli-
tudes of different parts of the waveform can be varied
constderably depending upon the actual requirements of
a given system, as will be well understood by those
skilled in the art). The training sequence begins (300)
with an open loop initiation interval of 100 microsec-
onds, during which sequence the supply control voltage
of the exciter (31) (FIG. 1) ramps up gradually. This
ramped provision of power minimizes splatter. Next, a
200 microsecond interval (301) provides an open loop
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phase adjustment interval during which the loop phase
parameter may be adjusted as referred to above. At the
conclusion of this interval (301) the phase will have
been adjusted, and stability will be ensured when the
loop subsequently closes.

The next 200 microsecond interval (302) provides an
opportunity for a smooth transition between open and
closed loop training modes via the mechanism de-
scribed above. Now, in a closed loop training mode
(303), the level setting procedure can be implemented to
determine the relevant clip level. In this mode, the input
signal (304) ramps upward from zero to its clip level
during an approximate period of 400 to 500 microsec-
onds. As described earlier, during this mode, the loop
amplifier (21) functions in a low gain bandwidth and
slow slew rate mode to minimize splatter when the
ramp successfully attains clip. After detection and mea-
surement of the clip level, the waveform ramps down-
ward and subsequent information signals are appropri-
ately scaled so as to avoid clip. The loop amplifier (21)
1s then set to full gain bandwidth and normal slew rate
capability so that the linearizer can reduce off channel
splatter when the synchronization and information sig-
nals are subsequently started. The ramp down period
might typically last 200 microseconds.

The above training sequence presumes that both open
loop and closed loop training activities occur in imme-
diate sequence, at least at the initiation of a transmission.
In a TDM mode of operation, as depicted in FIG. 4,
each subframe (401) can include a training segment,
typically positioned at the beginning of each subframe.
Each training segment (402) could then be followed by
~ an appropriate data sequence, which could include syn-
chronization information, encoded speech, user data,
and the like.

Other embodiments will of course be evident to those
skilled in the art. For example, as depicted in FIG. 5, a
first subframe (501) can be initiated with an open loop
training segment (506). The next subframe (502) can
again be initiated with a continuation of the open loop
training segment (507). In a next subsequent subframe
(503), the subframe may initiate with a closed loop train-
ing segment (508). Using these dispersed training seg-
ments (506, 507, and 508), more time can be utilized to
accomplish the above described training, therefore
yielding potentially increased accuracy in a given appli-
cation. In the alternative, the timing allotment for each
segment can be reduced from that described above,
therefore yielding similar results with respect to accu-
racy, though with less time expenditure per subframe.
In this particular described embodiment, once the open
loop and closed loop training modes have been initially
conducted, subsequent training modes (509) in subse-
quent subframe (504) may be combined open and closed
loop training segments, wherein lessor periods of time
are devoted to the training methods, based upon a pre-
sumption that the previously attained information will
minimize training needs.

In yet another approach (FIG. 6), training segments
(601) can be provided in some subframes (602), but not
in others (603). This leaves increased availability in the
latter (603) to accommodate additional data through-
put. Training segments (601) can be skipped either ac-
cording to a predetermined schedule (for example,
every other subframe can include a training segment),
or the training segments can be scheduled or cancelled
in a dynamic manner through provision of an appropri-
ate coded indication in the data message itself, whereby
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subsequent training segments can be scheduled or can-
celled on an as-needed basis.

What is claimed is:

1. A method of maintaining linear operation of a
negative feedback amplifier, comprising the steps of:

A) during a first mode of operation:

1) phase adjusting a feedback signal with respect to
an mput signal to provide a phase adjustment
setting; and

i1) determining a clip level for the amplifier;

B) during a normal mode of operation:

1) using the phase adjustment setting to assist in
ensuring negative feedback operation; and

1) operating the amplifier at a power level not
exceeding the clip level.

2. The method of claim 1 wherein the step of operat-
ing the amplifier at 2 power level not exceeding the clip
level includes the step of operating the amplifier at a
power level relatively near but not exceeding the clip
level.

3. The method of claim 1, wherein the first mode of
operation comprises a training mode, and the second
mode of operation comprises a normal mode.

4. The method of claim 1, wherein the step of phase
adjusting the feedback signal includes the steps of:

a) phase adjusting at least two feedback signals with
respect to at least two input signals, respectively, to
provide the phase adjustment setting.

5. A method of maintaining linear operation of a

negative feedback amplifier, comprising the steps of:

A) during training modes of operation:

1) at least occasionally phase adjusting a feedback
signal with respect to an input signal to provide
a phase adjustment setting; and

ii) at least occasionally determining a clip level for
the amplifier;

B) during non-training modes of operation:

1) using the phase adjustment setting to assist in
ensuring negative feedback operation; and

11) operating the amplifier at a power level not
exceeding the clip level.

6. The method of claim § wherein the step of operat-

' ing the amplifier at a power level not exceeding the clip

level includes the step of operating the amplifier at a
power level relatively near but not exceeding the clip
level.

7. A negative feedback amplifier, comprising:

A) input means for receiving an input signal;

B) feedback means for providing a feedback signal
that 1s related to a processed version of the input
signal; -

C) linearizing means operably coupled to the input
means and the feedback means for processing the

Input signal as a function, at least in part, of the
feedback signal;

D) training means for selectively causing, during a
training mode of operation:
1) the feedback signal to be phase adjusted to pro-
vide a phase adjustment setting; and
11) the amplifier to be operated at a clip level with
restricted bandwidth and slew rate to thereby
determine the clip level;
such that the amplifier, in a non-training mode of opera-
tion, uses the phase adjustment setting and clip level
information.
8. A negative feedback amplifier, comprising:
A) a first information signal path, including a first
amplifier and filter, and a first up-conversion mixer:;
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B) a second information signal path, including a sec-
ond amplifier and filter, and a second up-conver-
siIon mixer;

C) a combined information signal path coupled to the
first and second information signal paths, and in-
cluding an exciter, amplifier, and output;

D) a first feedback signal path coupled between the

output and the first information signal path, and

including a first down-conversion mixer;

E) a second feedback signal path coupled between
the output and the second information signal path,
and including a second down-conversion mixer;

F) training means for selectively causing:

1) in an open loop training mode of operation, the
first and second amplifier and filter to be effec-
tively bypassed, and the first and second feed-
back signal paths to be phase adjusted; and

i1) in a closed loop training mode of operation, the
first and second amplifier and filter to be oper-
ated in a reduced bandwidth and reduced slew
rate mode of operation, and clip level informa-
tion for the combined information signal path to
be determined. |

9. The negative feedback amplifier of claim 8,

wherein the training means further functions to cause
the negative feedback amplifier to use the phase ad-
justed first and second feedback signal paths and the
clip level information during at least some non-training
modes of operation.

10. A method of maintaining linear operation of a

linear amplifier used to source information in a TDM
communication system, comprising the steps of:
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A) in at least some portion of at least some TDM
frames, training the linear amplifier to maintain
linear operation, wherein the training includes at
least the steps of:

i) from time to time operating the linear amplifier in
an open-loop training mode; and

ii) from time to time, operating the linear amplifier
in a closed-loop training mode;

B) in at least some portion of at least some TDM
frames, sourcing the information.

11. The method of claim 10, wherein the step of oper-
ating the linear amplifier in an open-loop training mode
includes the step of at least partially phase adjusting a
feedback loop within the linear amplifier.

12. The method of claim 10, wherein the step of oper-
ating the linear amplifier in a closed-loop training mode
includes the step of determining clip level information
for the hinear amplifier.

13. The method of claim 12, wherein the step of de-
termining clip level information for the linear amplifier
includes the step of operating the linear amplifier in a
reduced bandwidth and reduced slew rate mode of
operation,

14. The method of claim 11, wherein the step of oper-
ating the linear amplifier in a closed-loop training mode
includes the step of determining clip level information
for the linear amplifier.

15. The method of claim 14, wherein both the open-
loop training mode and the closed-loop training mode
occur in a same TIDM frame.

16. The method of claim 14, wherein the open-loop

training mode and the closed-loop training modes occur
in different TDM frames.
3
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